An Investigation of Airplane Landing Speeds by Ridley, Kenneth F
• 
T~CHEICAL -J01::S 
io . 349 
B.' Kell~eth F. Ridley 
'\Vashington 
September, 1930 
.. 
https://ntrs.nasa.gov/search.jsp?R=19930081092 2020-03-17T04:19:38+00:00Z
'" 
-'1, -
NAT I ONAL ADVISORY CO~£nTTE:2 FOR A::RONAUTICS. 
- --.---
TECHNI CAL ImTE NO . 349 . 
AN I NVEST I GATION OF AIRPLA~JE LAHDHJG SPEEDS. 
By Kenne th F . Ridley . 
Su mma r y 
T~1 i s paper describe s an i nvestigation on airplane landing 
speeds whi ch was made t o deter mi ne t he applicability of accepted 
aero dyn~Di c t heory to t he p r edi ct ion of this particular perf or-
mance char act eri s ti c . 
The experiment al wor k c onsisted in measuring the l3nding 
speed of sever al monopl anes by a new photographic lethod. The 
r esul ts of these t e s t s suppl emented by available information 
r egar d i ng bipl anes were compared wi th predictions made in ac-
cordance wi th bas i c aer odynruni c theory. The prediction makes 
u se of the f undamental r el a t ion between wing loading, lift coef-
f i c i ent , and speed of level fl i ght, and the effectG of aspect 
rat io and pr oximity t o the gr ound on lift curve slope. 
Ver y sati sfactory agr eement WaS found between the predicted 
an d measur ed value s . 
A set of gener ali zed li ft cur ves developed to simplify the 
method of pred i ct ion ar e p r esented in an appendix. 
- ---- - ---"--
*Thes i s submi tted in partial fulfillment of the requirements fo r 
the degr ee of Eng i neer in Eechanical Engineerir.g Aeronautics, 
Stanford Uni ve r s ity . 
.... 
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I n t l' 0 d u c t ion 
Probably J.ess is known and more is erroneously stated about 
the landing speed than is t he case for any other airplane per-
fo r mance characteri st ic. The prev aJ.ence of obviously erroneous 
and sometimes even absur d specif i cations has b lj 8n pointed out 
in References 1 and 2. The stnte of knowledge is well indi-
cated by the somewhat comrwn p r a.ctice of predicting landing 
speeds on the basis of maxi Yfllli:l l i f t coefficients determined by 
model ai rfoil test G made D.t lo v! Reynolds Number, no account 
be ing taken of the 2.ngle of attack in the landing attitude. 
It appears that tHi s situat ion may be largely attributed to the 
lack of a simple metl:od fo r obtaining experimental ir..formation 
on the sub je ct. 
The only known sour ce of accur1.1te information on airplane 
landing speeds is given in Reference 4. Tests of a number of 
mil i tary b i p l ar:es are described in this report but no analysis 
of the results is included • . 
The progr2.n1 of the present investigation W2,S to supplement 
the available data wi th the r esul ts of tests on various types 
of monop l anes , to make predictions of landing speeds for all 
the tested lli r p l cJnes (J,nd to compare the predicted and measured 
val ues . 
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Experimental Mcthods ~nd Apparatus 
The b i p lane l anding sp eeds reported by Carroll were deter-
mined by t he u s e of synchronized recor ding flight instruments , 
namely, an air- speed meter, an ac cel er ometer to indicate the in-
stant of impact, and a gr ound- speed mete r used as an air-speed 
check and to f urni sh wind-sp eed data. I t i s not definitely 
st at ed in the r eport whether a singl e rep r esentative landing or 
an aver age of s everal t ests fur nished the final results. The 
degr ee of accur acy i s s t ated as plus or mi nus 3 per cent . 
Th e me thod u sed by t he writer was to deter mine the ground 
spe ed fr om a photographic recor d of the r otation of the landing 
whe el, by the u s e of a motion-p i c tur e camer a which operated at 
a kno wn const ant speed, t o measure t he wind speed and to fix 
t he s till a i r landing spe ed a s t he e.lgebraic sum of these quan-
t iti e s . 
Th e p r oc edure Was t o p ain t t he wheel or t ire of the air-
plane in contrasti ng col ors, thus pr ov idi ng a rotation indicator , 
and t hen to ph otogr aph t he airpl ane while makint:; norwu land-
i ngs; wi nd. sp eeds we r e s i mul t aneou sl y re ad from an anemomet e1' . 
The duration of f ilmi ng Wa S fro m a second 01' two b efore to four 
or fiv e s econds ~ft er i m~ ac t . 
The fi lm wa s examined f r ame by f r ume , the posi tion of the 
wheel in Ouch p icture r ecorded and C\. cur ve of "':hee1 revolutions 
vs . exposures wa s plott ed from t he s e Qat a. Kn0Vv] ed~e of the 
'" 
-. 
• 
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camer a speed and tire ci r cumfer ence makes this curve in effect, 
a space-time curve fro m which veloc i ties may be derived by 
graphical diffe rent iation . It was found that the wheel acquired 
with i n o~e revolution a speed which varied negligibly during 
the next second or two. The s lope of this portion of the curve 
WaS t herefore taken t o r epres ent the speed at contact. 
The motion- p i cture camer a used was a portable, spring-driven 
type ',vh i ch oper ated at app r oximately 34 frames per second. A 
spec i al electric clock WaS used to calibrate the camera. The 
exp osure r ate WaS deter mined for all conditions under which 
tests wer e l i kel y to be made , i. e ., from end to end of a full 
loadi ng of fi l m, and check calibrations werc made at the begin-
ning and end of each spool of film or each set of tests. 
A vane , or windmill type of anemometer WaS used to measure 
the ground vlind speed. Since thi s type of instrument registers 
only the revolut i ons made by the v~~e8, the wind speeds actu-
all y ar e averag'e velocit i es over a period of about 10 seconds 
which includes the instant of l and i ng. 
Method of Prediction 
The method of prediction is based on the folloNing concep-
tion of a per fect ly executed. t Lue e- point land.in;; . T~1e airplane 
approaches the landi ng are a i n a steady glide. On :!lellring the 
gr ound the fl i ght path becomes practically horizontal, the angle 
of attack increas i ng and the speed. decreas:;.ng in such a waY a,s 
• 
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to maintain constant lift until the O,tti tude for the three-point 
landing ( whcels and tail skid at the same heiGht) is reached. 
Th is attitude is L1aintained while the speed and l:'ft decrcase 
sufficiently to let the ai r p lane settle to the t?;round. The land-
ing speed is t he re f ore assumed. to be the speed 01 level flight 
at a v ery small heig:lt abo v e the groluld at the angle of attack 
corresponding t o a three- po int landing. 
I t is known that upon a.ppro.J.chin~ the e-, round there is a re-
duc tion of the induced anb1G of attack of tho winGS of an air-
plane Which may be calculated acco r ding to the rtlul tiplane the-
ory of Prandtl . 'I'his p r oduces a.TJ. increc.se of lift curve slope 
and a reduction of i nduced d r ag ; it is theTefore equiValent to 
an increase i n the aspect rat io . 
The calculation of this effect i vc aspcct ro..tio which is 
representative of level fl i ght just above the ground is the 
first step of t he p r ediction . I t i s next necessoxy to develop 
a curve of l i f t coefficient vs . 2..ngle of attack for .... wing of 
thi s aspe ct r ['~t io . T~1e 1 ift coefficient whicL the wings may be 
expected to attain is the value indicated by the curve at the 
nngle of attack corl'espond i ng to a three-point landing. 
It is nOlO: necessoxy t o mnke some Llssumption l'egcxding the 
relation of winb l i f t to th~ total lift of the airplane for tb.e 
landiDg concli ti on . I t (:'oe8 not aypeQ.T l'CnsoLEl.ble to assume 
that tile t rw ;:."re equ31 becQ.u oe the sum of the v€;rticcU .::.ir 102.,ds 
on th e; fusGl~' . .ge u!ld horizontal tail surfacGG is usu2,lly too 
L 
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l a r ge to be negl ec ted. 8ince t he uir forces on the tnil sur-
faces at h i gh angles of attack and wi th convel1tionCLl center of 
o r av i ty locat i on <.1)'..' e SillQll , Qna 8i "!lce t:le 1 ift of a norm['~ type 
of fuselt::.ge is considera.blc o..t hiGh angles of a.ttack, i-t is 
r CCtsonoJ)le t o 2.SSUIne that the viings support som.ewha..t less thon 
the toto.l weight of the L.i r plane . The lift of tllS parasite 
part s :~li ght be a1Jproxi m.L'..ted by credit ing the L'.irplC'ne with the 
wing a ::ca it would htlve if tlle \·.rinG v'ere not inter~upt ed, by 
the fusclLLge . For th e pr cdi ct ion of le.nding speeds, t:len, it 
i 3 a.G sumed that the effect i ve Win:; (11'e['. is that of the corrplet e 
plQn forr; of the wings, i . e . , no deduction rvill be P.la.de for area. 
bl anket ed by the fuselage . 
The required data, no.:'tle ly, weight, win~ area, and lift 
coefficient now be i ng J.mowl1 , t he Innding spe ed is predicted 
accordi ng to t he equat ion 
V =:: r2w-
J PGi 8 
wherein V = velocity (:;:eet p er 
W - we i ght of airpl :J1':e 
8eco:"ld) 
(pounds) 
p = density of air ( sl '.lgs per 
cub i c f e et) 
°1 =:: lift coefficient 
8 = wing c..rea ( squa.l'c feet). 
Th e effect i ve aspect rat i o cor~esponding to level flisht 
just above the ground is calculated 8.S follo"fS . T~e I'eduction 
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~ of the i ndu ced angl e 01 attack of a wing system upon approaching 
the ground i s 
whe r ein 
I::,. a. . 
1 
I::,. a.. J. 
b 1 
0 
- C1 S = -0' .. ~-. . -
= 
= 
li b :2 
1 
chcJlge 
attack 
maximum 
of L1duced angle 
(radia.ns) 
span (feet) 
= i nf l uence coefficient. 
of 
For the Y,lOnopl ane, 0 i s equal to 0, t:1e coefficient of 
mut u ally induced drag .* For the biplane -o is:;i ven by the 
equation 
cr I I 
° = 1-1 
+ 0 I + 2 01. _ ... " 
., - 2 ___ --"'_~G'-
4 
The subscripts follo~r the convention used by Wieselsberc:cr 
is the influe:r:ce coefficient 
for a bipl ane composed of o~e of the wi:r:gs of the biplane and 
its mi:'l'o r i mage in the gr ound plane , O 2 - 2 ' corresponds to a 
s i mil ar b i pl ane composed of the other wing and its image, and 
refer s to a b i p l ane conlposed. of one of t"1e real wings 
a...YJ.d the mi rror i mage of the ot her . 
Str i ctly speaki ng , the above formulas are applicable only 
to mono~lanes and equal- span biplnnes having ideal lift distri-
but ion . However, the express i ons may be used in practice with 
n o apprec i abl e er ro r fo r a l l no r mal biplanes and excepting 011-
ly the ezt r eme sesqui y l ane t rpes . 
___ F. rom .tl1~ equatJ:.ol! __ ~~!._.t lle_. i nduce<.!_~.lf';.le of~~_~~c~ -,o::-l-,,-~_a= ___ _ 
* See Ap:;:;endi x I I i 0 1' v alues of 0. 
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monoplane 
o S 
nlj! (or 
01 \ 
n RJ 
it may be deduced that the equivalent aspect :ratio ,,\hen neE'..r 
the gr ound is 
R Re = -1 - 0 
and an analogous derivation for the bipl ane gives 
Re -
1 k2 
- a 
8 
R = aspec t rat i o of the real or equi valent l:.10nopla:r.e . 
Re -
k --
effective aspect r atio of reQ} or cquivalent 
monoplane near the grou~d . 
unk's b i p lane consta~t . 
The deter mination of the lift curve corresponding to this 
effect i ve aspect ratio is accomplished by application of the 
well-known fo r mula 
01 1 
a..., = 0.
1 
+ ( ~-
G n \Re 
1 
to the results of full sC('.le (Variable :Jensity Nind lunncl) 
tests of the airfoil profile u sed in t~e airplar.e. In this for -
mul a 
0.2 = angle of attack of airpl CLYle WL1g ( degl'ee s) . 
0. 1 = angl e o f attack of airfoil model tested (degrees) . 
rt1 = aspect ratio of model te3ted ( aftcr correction 
for tunnel wall effect) . 
Re = eff ective aspect ratio of airplnYlc wing (or that 
of equivalent mO!loplaI~e) • 
\ 
i I -
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Res u 1 t s 
The results of the i nvestigat io n are presented in full in 
Appendix I ; a condens ed sUTIrrilary will be found in the next sec-
tion . 
The results of the expe riments and calculations, together 
with the i mportant des i gn char acteri stics of the airplanes, a:re 
g iven in Tabl es II and III . The computations of the predicted 
landi ng speeds occupy pages 17-37, ,'lhile the predicted lift 
curve s are shown in Figures 1- 11. 
EX~flples of the film records appear as Figures 16-19. 
Typical curves of wheel revol ut ions vs. expo sur es as de-
rived f rom the p ictures are presented as Figures 12-15. 
The monoplane r esult s were derived from only such land-
ings as we r e found by examinat ion of the films to be normal 
three- point l anding s . The ave r age of at least two such landings 
Was used as the final result for each aiI'plane. The landing 
angles, wing areas, and weights were measur ed at the time of 
making the tests , but in some cases the angle of zero lift was 
obtained fro m the manufactur er . 
Dis c u S G ion 
For conveni ence of re ference a SUinmary of the results is 
presented in Table I . 
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TABLE I 
Airplane °L °L Actui3~ predicted (actual ) (predicted) landing landing 
speed (m.p.h.) speed (m. p . h .) 
Lockheed 1. 40 1 . 373 57.3 
(Sirius ) 57.0 
Av.(5!'.15) 57~8 
Ford 1 . 39 1 . 33 59.1 
(4 AT- E) 58.4 
Av.(58.75) 60.1 
Hamil ton 1 . 282 1 . 260 54.8 
(H- 45 ) 61.2 
59.5 
.c\.v.(58.5) 59.0 
Stinson 1 . 462 1 . 35 54.7 (Jr . ) 53.9 
56 .1 
I 
Av.(54.G) 57.1 
SE-5A 1 . 10 1 . 15 54.0 52 .9 , 
IN- 6H 1 . 178 1 . 18 51.0 51.0 
VE- 7 1 . 10 1 . 142 51.0 50 .1 
DH- 4b 1 . 085 1 . 123 56.5 55.9 
Sperry 
Messenger 1 . 22 1 . 163 41.0 45.1 
MB- 3 1 . 142 1 . 182 57.0 56 .0 
MB- 2 1 .098 1 . 195 58.0 I 55.6 
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The results of tests of two additional airplanes - t he 
Fokker 00- 4 and the S.P.A.D . VII - appear i n Oaxroll ' s repor t ; 
inabili ty to obt a in complete de s i gn characteristics prevented 
the prediction of their l anding speeds . This is particularly 
unfortunate in the cas e of the S.P.A. D. s i nce its lending li f t 
ooe fficient i s unusually small (C1 = 0 . 98 ). Th i s value, how-
ever , would appear to be consistent wi th the use of a very th i n 
a irfoil of small camber in a bipl ane of low equivalent aspect 
r atio which has only a med ium value of t he landing angle. 
On examination of the above t abl e, it will be noted that 
there is a maximum variat ion predi cted and experimental values 
of less than 2t mil e s per hour i n l anding speed and 10 per cent 
in lift coef fi c i ent . It would appeBX unreasonable to expect 
b etter agr eement than this in view of the probable accuracy 
of the t est data. 
The experiment al accuracy of t he bipl ane results is stated 
as plus or minus 3 per cent. The principal sources of error 
in the r esults obt a ined by the writ er are probably vaxiation 
of t h e c amera sp eed and of wind vel oc i ty dur ing a test. Di f-
f erent calibrations of t h e cwae r a showed noticeable differences 
in speed between different spo ols al though no important varia-
t i on WaS detected wi thin anyone. I t will be remembered that 
the aver age over a short period, incl uding the instant of con-
tact, WaS used as the ins tantaneous wi nd veloc i ty. If the wind 
were not steady, the inst antaneous veloc i ty mi ght vary consider-
I -
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ably from t~i s average . One other possibili ty for error is 
see n in t he use of the no- load tire circumference in the calcu-
lat ions of the ground sPeed . It is necessarily small, however, 
because at the speed and att itude of landing, the load on the 
wheels c ar:. only be a v ery small fraction of the tot::'.l weight 
of the a irplane . In most cases th e full lo ad rE'..di~l deflection 
of the tire corresponds to a re duction of circumference of not 
more than 4 or 5 per cent. 
Errors i n the pr edictions themselves ma] result from sev-
er~l causes, the principal one be i ng the assumption of a ficti-
tious wing a rea to compensate for th e lift produced by the par-
asite parts . Other possible sources of error ~~e failure to 
reproduce in the a irplane the profil e of the specified airfoil , 
inaccurac i e s i n the model test data, and the uncert~inty of 
assumed .:: irfoil char acter:!.stics when no full scale data was 
availabl e fo r the profile used . In consideration of the possi-
ble sources of inaccur acy i n both the predicted 8...11d actual val-
ues , the method of pr ediction is co~sidered highly satisfactory . 
With the validation of the theoretic2~ principles utilized 
fo r prediction, it becomes possible to enumerate and discuss 
the import ance of the des i gn cheXacteristics which control air-
plane landing speeds . These vc.U'ia"'::>les are wing loading, airfo il 
profile churacter istic s , land i ng allEle of attack, aspect ratio 
and wing he i ght . 
In reality there arc only two entirely distinct variables , 
------------------------ -----
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wing lo ad i ng f',nd l i ft coeff ici ent, as indicl.ted by the funda-
mentnl equation 
No discussion of the fi rs t seems necessQI'Y. The lift coeffi-
cifmt attainable in l andi :ag is fixe d. by the characteristics of 
the wi ng profile, the equivalent aspect retio when close to the 
ground, ['TId the .3,...'I1g1 e of at tack in t he three-point landing atti-
tude . The possibility of reducing l anding speeds by the use of 
slotted_ or other fo rms of h i gh lift wings is clearly indicated, 
and the necess it y fo r consideration of the~fective aspect ratio 
in fixi ng the landing a..ngl e is 1 ikewi se c~pp[lTent. It 'will be 
not i ced that the theory indi cates no effec t of wing height upon 
the l anding speed wh i ch could not be obtained. otherwise, that is, 
by adjust ment of the land i :a.g angle . The small influence of wing 
height upon lift curve slope for the rwpect ratios CO;TImon to 
existing monopl anes may be seE-n in the predictions for these 
airplanes . 
Co n c 1 u s ion 
The landing speed of an airplane car:. [)I') predicted 1}ITith sat-
isfactory accur acy by the lse of accepted acrodynR~mic theory. 
Note .- Generali zed cur ves to facil i tate the prediction of landing 
speeds a r e given in Appendix II. 
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Gross Wing 
Airplane weight area 
lb. sq.ft. 
Lockheed 3415 288 
(Sirius) 
Ford 10085 8.18 
(4AT-E) 
Eamilton 4536 405 
(R-45 ) 
i 
Stinson 2797 248 
(Jr. ) I 
, . 
.A. P pen d i x I 
TABLE II. Collected Results (Monoplane) 
Wing Ground Wind Actual Predicted 
loadil~g speed speed l anding landing 
Ib.jsq.ft. m.p.h. m.p.h. speed speed 
m.p.h. m.p.h. 
11.86 59.1 -1. 8 57 . 3 
59 .0 -2.0 57 .0 
Av.(57.15) 57.8 
12.32 59.1 0 59 .1 
58.4 0 58 .4 
Av.( 58 .75) 60.1 
11.21 54.8 0 54.8 
57.7 3.5 61.2 
58.4 1.1 59 . 5 
Av.(58.5) 59.0 
11.29 54.7 0 54.7 
52.4 1.5 53 .9 
45.8 10.5 56 .1 
I Av. (54.9) I 57.1 I 
ot ct 
( a ctual) (predicted) 
1.40 1.373 
1.39 
I 
1.33 
1.282 1.260 
1.462 1.35 
(1) 
() g-
f-'-
() 
P) 
I-' 
~ 
o 
ct-
ro 
~ 
o 
GJ 
~ 
I-' 
(}l 
Tp.~LE III . Collected Results (Bip12ne ) 
, 
Gross Wing Wing Actual T Predicted 
Airplar"e weigilt area loading landing lanci~g 
l b . sq . ft . n . /sq . ft. speed s~eed 
rr . p . h . I m . ~ . h . 
SE- 5A 2080 254 8.19 54 ! 52 .9 
I N- 6H 2767 354 7.83 51 51.0 
VE-7 2152 295 7.29 51 50 .1 
DH-4b 4000 450 8 .89 56 .5 55 .9 
I 
Sperry 
Mess.enger 965 150 6 . 03 44 45.1 
MB-3 
I 
2277 242 9 . 43 57 56.0 
MB-2 \ 10520 , 1121 9.39 58 55.6 
I i , 
------
Cl 
(actual) 
1.10 
1.178 
I 1.10 
I 1.095 
I 
I 1.22 
I 1.142 
I 
I 1.098 
.. ' 
CL 
(predicted) 
1.15 
1.18 
1.142 
I 
1.123 
I 
I 
I 1.1 63 
I 1.182 
I 
I 1.195 
I 
z 
IX» 
o 
. 
IX» 
t--3 
(]) 
o 
p-' 
::J 
f--'. 
o 
ib 
1--' 
2; 
o 
c-t-
(]) 
2: 
o 
GJ 
:i) 
I-' 
(]'l 
. 
,-
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Ford 4- A- T prediction 
Sp ecifi cation.§. 
High-wing c ab i n monopl ane (trimoto r ed). 
~ l ing p rofile 
Sp an 
Area 
He i ght of wing 
We i ght as flown 
ing loadi ng 
Ground angle 
Ur,S.A. 27B at root 
Gott i ngen 387 at tip* 
74 ft. 
818 sq. f t. 
9 .5 ft . 
10, 085 lb . 
11. 21 I b./sq.ft. 
18 deg . f r om ° lift. 
Ground Effect 
~ = 1 
h 1 - 1 I 2 x 9 .5 257 = = b 74 
0 = . 416 
Re R b
2 1 
= = x 1 - (J S 1 - (J 
= 742 X 1 = 11. 48 818 1 - .416 
Lift Curv e Correction 
+ 
CL ( 1 _ __ 1 I 
a = a 57 . 3 
2 1 TT' 11 ~ 48 6 • 85/ 
*G8ttingen 387 char act eristics used. 
17 
_ • A. 0 • A. T e cr, n i c al ~ 0 t c .rJ 0 • 34.9 18 
a 1 ( deg . ) °L -1. 0750L a 2 (deg . ) 
- 6 . 8 0 0 -6.8 
- 3 , 28 - . 301 -3.3 
0 050 - . 538 -0.538 
3 . 723 - . 776 2.224 
G . 9 51 -1 . 021 4.979 
9 1. 153 -1 . 23G 7.764 
12 1 . 305 -1 . 403 10.597 
15 1 . 330 -1 . 430 13.570 
1 8 1 . 31 8 - 1. 417 16.583 
H~1i1ton H- 45 Prediction 
Snec i f i cat io ns ..;:...1;_ _ __ _ 
High- wing c J-b i n ·nonop1ane 
r:ing section 01ark Y modif i cd* 
54. 25 ft. 
Are a 405 Rq . ft. 
7 . 75 f t. 
e i ght as flown 4536 lb. 
\ ing lo adi ng 11 . 21 1b./sq . ft . 
Ground a~gle 11 degr ees 
.- -----------_._-_._----_. 
*Olarlc Y cha-I'acteri st ics used . 
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Ground Effect 
2 x 7.75 
54 . 25 = . 286 fJ. = 1 a = .388 
R b2 1 Re =---=- x---
1 - a S 1 -a 
= 54 .25 x 
405 
1 
1 - . 388 
Lift Curve 
--- --
+ 0L (_1 1 \ a~ = a 1 - - 57 . 3 
G IT \ Re R"',l / . 
= a + ~ ( 1 
1 IT -11 . 88 
1 
- --
6 . 85 / 
a 1 ( deg . ) CL -1. 12 7CL 
-5 . 2 0 - 0 
- 3 . 0 . 162 - . 182 
0 . 380 
-
. 428 
3 . 600 
-
. 675 
6 . 820 
-
. 924 
9 1 . 033 -1 . 065 
12 1 . 230 -1. 386 
15 1 . 366 -1. 538 
18 1 .28 4 -1. 448 
= 11.88 
a 2 (deg. ) 
-5.2 
-5.182 
-0.428 
2.325 
5.076 
7.935 
10.614 
13.462 
16.552 
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0.2 == 0.1 
== 0.1 
Lockheed Sirius Prediction 
Lo w- wing op en monoplane 
Wing profile t apered Clark y* 
Area 288 sq . ft . 
Span 41 . 9 ft . 
He i ght of wing 4 ft. 
Weight as flown 3415 Ib o 
Wi ng loading 11 .. 86 1b . /sq.ft. 
Ground angle 1 5 dCiSrees 
== 
8 
41.9 -- . 191 iJ. == 1 0" = . 5 
Re 
12 
X 1 41 . 9 x 1 12 . 18 - 1 == 288 -.5 == S - 0" 
Li f t Curve 
-I- CL (~ :1) 57. 3 -11 \Re 
CL (-~- 1 57.3 1 .162CL + - == 0,. -11 \12 . 18 6 . 8 5 J 
----- --- --.- - --
*C1ark Y ch aracteristi cs used. 
20 
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(l.l( deg.) C1 -1. 162C1 o,a(d.eg.) 
- 5 . 2 0 0 -5.2 
- 3 . 0 . 162 - . 188 -3.188 
0 . 380 - . 442 - .442 
3 . 600 - . 699 2.301 
6 . 820 - . 955 5.045 
9 1 . 033 - 1 . 205 7.795 
12 1. 230 -1 . 431 10.569 
15 1. 366 -1 . 588 13.412 
18 1 . 284 - 1 . 495 16.505 
Stinson Jr. Prediction 
Spec i fic at i onG 
Cabin monopl ~J.e 
Wi ng p r of ile 
Span 
Area 
He i ght of -wi ng 
Ve i g11t a s fl own 
Wi ng l 08,ding 
Gr ound angle 
Cl ark Y 
41 . 8 ft . 
248 sq . ft . 
7. 5 ft . 
2797 lb . 
11. 29 lb . / sq. ft. 
1 3. 1 degrees 
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GroundEffect
hz_; 15
—= ,359b = 41.7’
P=l 6= .320
= 41.7’~ 1
248 1 - .320
a2 =C%+
q (deg.)
-5.2
-3.0
0
3
6
9
12
15
18
LiftCurve
= 1003
57.3
=(31+ #(1:13 _6185) 57.3
.
=ctl- .875CL
CL
o
.162
.380
.600
.820
1.033
1.230
1.366
1.284
-.8~5CL
o
.142
- .323
- .525
- .718
- .905
-1.0~6
-1.196
-1.125
a2 (deg.)
-5.2
-3.142
-0.323
2.475
5.282
8.095
10.924
13.804
16.875
22
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~ = 1 
r und f ect 
 
= -- = .359 .7 
(j = 320 
R lJ2 1 Re=· =-X~-1-0" S 1-0 
.7  
= 248 X 1 _ .320 = 10.3 
i t rve 
a. l3  <l:L  CL (~ - ~ \ . 3 11 Re R~; 
°L (_1 __ ~\ .3 
11 \ 10.3 6 85; 
~ deg.  L .875OL .l3  deg.  
5.2 0 0 5.2 
3.0 162 - 142 3.142 
 380 323 0.323 
 60  525 .475 
 820 718 .282 
 .03  905 .095 
2 .230 1.076 .924 
5 .36  1.196 .804 
8 .284 1.125 6.875 
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Sp erry Messenger prediction 
Spe c ifi cations 
Open biplane (l~ght one-seater) 
Wing profil e U.S . A.-5 
Ar ea 160 sq.ft. 
Sp an (both wings ) 20 ft. 
Gap 2.83 ft. 
Chor d (both wings) 4 . 0 II 
Height of lo we r wi ng 2 . 1 II 
Weight as flown 965 lb. 
Wing lo adi ng 6.03 Ib./sq.ft. 
Ground angle 17.2 deg. 
Biplane Constant 
2 h 2 x 3 . 83 
.1915 --- = = b1 + ~ 2 x 26 
~ 
b
1 1 = = b 2 
(J = .498 
Since i t is of equal span and equal chord 
1 1 (1 + (] ) = 
"2 k2 
= 
1 . 498 
= . 749 2 
,,2 
' " = 1 . 335 
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1 
2 
1 
ing s 
- 11 
- 21 
2 ' 
° 
Re 
Gr ound Effect 
h 2 h b 1 + b a ~ ° 
11. 86 .593 1 .187 
4.2 .21 1 .471 
8 . 03 . 401 1 .288 
° 
I + °2-2 
= 
1 -1 
I + 2 
°1_2 
I 
4 
.187 + .471 + 2 x 
__ " 288 = .• 3085 
= --- 4 
J:c2 b 2 1 
= x 
- k 2 S 1 
-
° 
1. 335 x 20 
= ( --'--- ) = 5 . 68 160 1 - . 308 5 x 1 . 335 
Lift Curve 
~\ 57 . 3 
Rl/ 
CL (1 1 
= Cl 1 + n \5 . 68 - 6. 85/ 57 . 3 = 
24 
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0. 1 ( deg . ) CL • 547CL 0. 2 ( cieg. ) 
- 4.2 0 0 -4.2 
0 . 325 .177 o 1"'" ..... I I 
3 . 555 .304 3.304 
6 .780 .426 6.426 
9 1 . 000 .547 9.547 
12 1.190 . 651 12.651 
15 1.185 . 649 15.649 
18 1.135 . 621 18.621 
IN - 6H Prediction 
§J:2.ec ifi c ati ons 
Op.en biplane (primary training) 
Wing profile 
Span, upper 
II lower 
Gap 
Height of lower wing 
Wing area 
Wing loading 
Ground angle of attack 
Eiffel - 36* 
43.7 ft. 
32.7 II 
5.17 II 
2.35 II 
354 sq. ft. 
7.83 Ib./sq.ft. 
13.2 deg . 
*U.S . A.-5 characteristi cs used. 
25 
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. 
• 
Equiva~ ent Monoplane 
2 h 2 x 5 . 17 
. 1355 ----- = = b 1 + ba 43 .7 + 32 . 7 
!-.L 
b 2 32.7 
.748 = b 1 
= 43.7 = 
a = . 52 
1 1 - 0 2 1 - .52 
- = --- -
k 2 1 - 2 a !-.L + !-.L 2 1 - 2 x .52 x . 748 + .748 
.73 
. 9 35 = 
-:781 == 
1<2 
-'" = l.07 
Ground Eff ect 
Wing s h 2 h !-.L 0 b1 + b 2 
1 - l' 15.04 . 344 l. 0 . 3 30 
2 - 2 ' 4 . 70 . 1438 . 748 . 518 
1 - 2 ' 9 . 8 7 . 259 1 .0 . 412 
0 I + O 2 -2 
, + 2 0 1 - 2 
, 
0 = _ 1 :=l.. - - ----4 
. 330 + . 51 8 + 2 x . 412 
= . 418 = 4 
l.07 x 43 . 7 
= --~ = 10. 47 354 (1 - . 418 x 1 ~ 07 } 
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Lift Curve 
0. 2 = 0. 1 
+ CL (J:.. _ J:.. \ 57 .3 
TT \Re R1 J 
CL ( 1 1 57.3 .922CL = 0. 1 + 11 10.47 = 0. 1 -6. 85.1 
0. 1 ( deg . ) CL -.922CL 0. 2 (deg. ) 
- 2 . 2 0 0 -2.2 
0 .163 -.150 - 0.150 
3 . 392 -~362 2.638 
6 . 622 -.575 5.425 
9 ~ 8 51 -.785 8.215 
12 1. 063 -.983 11.017 
15 1 . 210 -.118 13. 882 
18 1 . 01 -.933 17.067 
SE - 5A Prediction 
.fu2.ec if i c at ions 
Open biplane (pursuit) 
Weight 
Area 
Wing loading 
Gap 
Span ( both wi ngs ) 
Height of lower wing 
Landing angle 
Wing p r ofile 
2080 lb. 
254 sq. ft . 
8.19 Ib./sq.ft. 
4.38 ft. 
2 .66 It 
3 .33 It 
14 deg. 
R.A.F. 15 
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~iplane Const an t 
2 h 4.38 
.1648 = = b 1 + b2 26:6 
~ = 
b 2 
= 1 b 1 
cr = . 538 
1 1 (1 + 0) 1\:2 2 
= 
1. 538 
= .769 2 
k 2 = 1. 30 
Ground Eff ect 
----------
Wings h 2 h JJ b 1 + b~ 
1 -
2 
-
1 
-
<. 
I ' 17 . 42 . 580 1 
2 ' 6 . 6 7 . 250 1 
2 ' 11. 04 . 4:15 1 
-
(j = 
= . 192 + . 422 + 2 x . 279 = 
- - -- --- ·--· --4 ---- --- . 298 
Re = k
2 b 2 
S (1 - 0 k2 ) 
1 30 x 26 . 6 
= - - -- - -- = 5. 93 
254 ( 1 - . 29 8 x 1 . 30 ) 
28 
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.192 
. 422 
.2 79 
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1ift Ourve 
a 2 a 1 + °L (~ - ~\ 57 . 3 = -n Re Rl/ 
.9.L (5 .
1
93 -
1 57.3 .3730L = a 1 + --, = ~ + n 6. 85/ 
a 1 ( deg . ) °1 373°1 o,2(deg.) 
-2.2 0 0 -2 . 2 
0 . 163 . 061 0.061 
3 . 392 . 146 3 . 146 
6 . 623 .232 6 . 232 
9 . 851 . 318 9 . 318 
12 1. 063 . 397 12.397 
15 1.310 • L151 15.451 
18 1 . 010 . 377 18.377 
ME - 3 pr edi ction 
Specif ic at ions 
Open biplane (pur suit) 
ing section R. A. F.-15 
Span, upper 26 ft. 
II lower 24 .5 ft. 
Gap 4.5 II 
Height of lower WL1g 3.0 II 
Wing area 242 sq. ft. 
~ing loading 9 . 83 Ib./sq.ft. 
Ground angle of wings 15 deg . 
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Bi pl ane Consta-:1 t 
2 h 2 x 4 .5 
= = 1. 78 b 1 + b 2 26 + 24.5 
IJ· = 
b2 
= 
24.5 
= ,. 942 b 1 26-
(5 = .508 
1 1 - (52 
- = -k2 1 - 2 (5 IJ. + 1J.2 
1 1 - ,. 508 
,,800 
k 2 = = 1 - 2 x ,. 942 x . 508 + .• 942 
Gr ound Effect 
Wings h 2 h ~ (5 b 1 + b 2 
1 - IJ 15 . 577 1.0 .193 
2 2 1 6 . 245 ,.942 .423 
1 - 2' 10 ,.5 . 416 1.0 .279 
(5 'r + (5 r + 2 (5 1 
(5 = 1 - 1 2-2 1-2 4 
. 19 3 + .423 + 2 X .279 
_ 293 = = 4 
Re k
2 b 2 
= S (1 - - k 2 ) (5 
1 . 25 x 26 5.51-= = 232 (1 - . 298 x 1. 25) 
• 
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Lift Ourv~ 
°L (~ 1 57 . 3 a 2 = a 1 + - Rl / n \ Re 
:= a. 1 + 
OL ( _1_ 
-
~_\ 57 . 3 = a 1 + 6 . 470L n \5 . 51 6 . 85 / 
a 1 (deg . ) OL . • 6 4? OL a :z (deg . ) 
- 3 . 2 0 0 ") ") - t.J . '-> 
0 ' . 1 6 3 . . 106 0 . 106 
3 . 39 3 . . 25 4 3 . 254 
6 . 6 22 .403 6 . 403 
9 . 851 . 5 51 9 . 551 
12 1 . 06 3 . 680 13 . 680 
15 1 . 210 . 78 3 15 . 783 
1 8 1 . 010 . 6 54 18 . 654 
VE-7 p r edi c ti o_1 
Spe c ifi cat i ons 
Op en bipl ane ( advanc e d tr aining) 
Wi ng sect i on 
Ar e a 
Span ( both wi ~g s) 
Gap 
Hei gh t of l owe r wi ng 
eight a s f lown 
V·i ng load i ng 
Gr ou n d angle 
R. A. F . -15 
295 sq . ft. 
34 . 1 ft. 
4 . 6 7 ft . 
3 . 41 II 
a 152 lb . 
7 . 29 1b. /sq.ft . 
12 . 7 deg . 
31 
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Bi plane Constan t 
2 h 2 x 4 . 67 
. 137 ~ - --- - -
b 1 + b2 2 x 34. 1 
~ 
b2 1 - b; :::: 
0" 
-- .538 
1 1 ( 1 + 0 ) .79 2 
k 2 = 2 = 
k 2 = 1 . 262 
Ground Effect 
Wings h 2 h ~ b1 + b2 
1 - I ' 1 6 . 14 . 474 1 .243 
<) 
(J 
- 3 ' 6 . 8 . 199 5 1 .485 
1 2 ' 11. 47 . 336 1 .3 37 
-
0" = 4 
. 243 + • -i85 + 2 X 9335 
. 3505 = --- -4 
Re k
2 b 2 
= (l S - 0" k 2 ) 
1 . 262 x 34 . 1 8 .96 = = 295 (1 - . 3505 x 1 . (.) 02 ) 
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1ift Curve 
0.2 + 
C1 (~ 1 57 . 3 = 0. 1 - -n \Re R1 ; 
C~ , 1 1 57.3 • 629C1 = 0. 1 + lJ ( - = 0. 1 -- -n 5 096 6.85; 
a. 1 (deg . ) CT l.J -. 62901 0. 2 (deg. ) 
- 2 . 2 0 0 -2.2 
0 . 163 -. 102 -0.102 
3 . 393 - . 247 2.753 
6 . 622 - 0391 5.609 
9 . 851 - .. 535 8 .465 
12 1 . 063 - . 680 11. 320 
15 1 . 210 - . 755 14.345 
18 1.010 - . 635 17.365 
D- Hb pr edicti on 
SDecificat i onR ~------
Open biplane (observation) 
hng section F".P.L.l.-15 
Ar ea 450 sq. ft. 
Span (both wings) L.i:2 .5 ft . 
Gap 5.5 II 
Height of lower wing 3,5 II 
Weight as flown 4000 lb. 
Wi ng loading 8.89 Ib./sq.ft. 
. -
Ground angle 12.3 deg. 
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"lings 
1 1 ' 
2 - 2 1 
1 - 2 1 
-
13l.Pl ane Constant 
2 h 2 x 5.5 
h 
18 
= 2X42 . 5 --
0" = . 590 
_1. = .1 (1 + 0") 
2 2 k 
= . 799 
k 2 = 1 . 251 
Ground Effect 
2 h 
. 424 
7 
12 . 5 
. 165 
. 294 
.1295 
1 
1 
1 
.374 
.537 
.375 
0" = 
= . 274 + . 537 + 2 .~.375 = .390 
4 
Re = 
S (1 - 0" 0) 
1 . 251 x 42 . 5 
=---
450 (1 - . 390 X 1.231) = 9 .76 
34 
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1if t Curve 
CL (~ 1 a 2 ~ a 1 + 11-- - -- 57 . 3 \Re R J -l. 
~ a
1 
+ C1 (_1_ 
11 \ 9 . 76 
1 57 . 3 ~ 
6 . 85/ 
a 1 ( cleg . ) °L -. 7930L 
- 2 .2 0 0 
0 . 16 3 - . 129 
3 . 39 2 -. 311 
6 . 622 - . 49 3 
9 . 8 51 - . 675 
12 1 . 06 3 - . 844 
15 1 . 210 - . 960 
18 1 . 010 - . 800 
Mart i n "iB- 2 Prediction 
Spec i fi cati ons 
Open b i p l ane (bimotor ed bomber ) 
a 2 (de ;;. ) 
- 2. 2 
- 0 . 129 
2.689 
5 . 507 
8 . 325 
11 . 156 
14. 0-40 
17.20 
Win~ section Albatros* 
Span ( both wi ~g s) 
Gap 
Total wi ng area 
:e i oht a s f lown 
Wing loadi ng 
Hei ght of lpwer wi ng 
--::-::,---:::: ____ -=----:----"'Gc.:::r 0 up d an gl e 
*U.S . A.-5 char ac t er i s ti c s us ed . 
74 .16 i't. 
8 . 5 1\ 
1121 sq.:t . 
10520 l b . 
9 . 39 Ib ./sq . ft . 
4 . 5 ft . 
_1:.;2 ._cL~ ____ _ 
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I • Biplane Constant 
2 h 2 x 8 .5 
.1117 ----- = - ---- --~ + b2 2 X 74.16 
~ = 
b2 
b 1 
= 1 
0 = . 620 
1 1 (1 + 0) ~ = 2 
= 
1.638 
= • BIll - -2-
~ = 1 . 229 
Ground Effec1 
Wings h 2 h 
bl. + b2 
~ 
1 - l' 26 . 0 . 350 1 .328 
9 .0 .1312 1 .615 
1 - 2 1 17.5 . 236 1 .441 
-
o = 
. 328 + . 615 + 2 x 
= 4 
• ,:!41 
- .456 
= 
1.229 x 74. 1 3 
1131 (1 - . 456 X 1.229) = 10.75 
N.A. O. A. Techni cal Note 1 0 . 349 37 
Li l t Ourve 
0,2 = 0, 1 + °L (;e - ~\ 57 . 3 n R 1J 
0. 1 ° L (10~ 75 1 57 . 3 .9600L = + - - -- = 0, 1 -n 6 . 05 ; 
0.1. ( deg . ) 
°L -. 9690 T "-' Q.!2 (des. ) 
- 4 . 2 0 0 - 4.2 
0 . 32 5 - . 31 5 -0.315 
3 . 555 - . 538 2 . 462 
6 . 780 - . 755 5.245 
9 1 . 00 
-
. 969 8.031 
1 2 1 . 19 0 -1.1 53 10.848 
15 1.185 -1.1 50 13.850 
1 8 1.135 -1 . 100 16.900 
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A ppendi x :;:1 
The foll owing curves (Fig . 21) have been prepared to facil-
it ate the prediction of landing speeds. They constitute a set 
of gener8~ized lift curves for effective aspect ratios of 4, 8, 
and 12, and for airfoil sections whose l::laximum lift coefficients 
are 1.0, 1 . 2, and 1.. 4. To use these CUr-,TG s the effect i ve 
aspec t rat iO, the probabl e value of the maximum 1 ift coeffic ient , 
and the l anding angle of att ack (measured froin the angle of zero 
lift) must be known . From these data and a lift coefficient 
obtained by interpolation 'oe twe en the curves very satisfactory 
re sults may be p roduced. 
The appended table illustrat es, by application of the curves 
to the prediction of la.ndi ng speeds for the air?la.nes treated 
in this paper, the accuracy which may be expected. 
... 
TABLE IV. Collect ed Results from Us e of Genera lized Li f t Curves 
Wing OL at Actual Predicted 
01 OL Airplane l~ding l anding l andi ng landing 
lb./sq.ft. deg. speed speed (actual) (predicted) 
m. p .h . m.p . h . 
- --
1----
Lockheed 11 . 86 20.2 57. 15 51.8 1.40 1. 37 
(Sirius) 
Ford-4AT 12.32 18.0 58.75 60 .3 1. 39 1. 32 
Ha."Ililton 11.21 17.2 58 . 2 57. 6 1.28 1.315 i (H-45) 
I Stinson 11.29 18.3 54.9 57 .1 1. 46 1.35 (Jr. ) I SE-5A 8.19 1 6.2 54.0 53 .5 1.10 1.12 
J U-6H 7.83 15.4 51.0 51.5 1.178 1.1 6 
VE-7 7 . 29 14.9 51.0 50.5 1.10 1.12 
DH-4b 8.89 I 14.5 56.5 55.9 1.095 I 1.12 
S:;?erry 6.03 21. 4 44 . 0 45.5 1.22 I 1.14 , 
Messenger I 
MB- 3 9 . 43 I 17.2 57 .0 56 .5 1.142 
I 
1.16 
I MB- 2 9.39 17 .2 
f 
58 . 0 55 . 5 1 . 098 I 1.20 I 
June, 1930. 
I • 
Re CLmax 
12.18 1.39 
11.48 1.33 
11.88 1.39 
10.3 1.39 
I 
5.93 I 1.21 
10.47 1.2l 
8.96 1.21 
9.76 1.21 
5 . 68 I 1.19 
5 . 51 1.21 
I 
10 . 75 I 1.19 
-
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